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SUMMARY 


This  study  of  costs  for  avionics  for  civil  use  of  the  Global  Position' 
ing  System  (GPS) , performed  for  the  FAA  Office  of  Systems  Engineering  Mam- 
agement  (OSEM) , was  based  on  a uniform  approach  to  cost  estimating  with  the 
assistance  of  a pricing  model. 

The  system  evaluated  is  the  military-developed  "Z”  set  with  appropriate 
packaging  modifications  to  meet  the  requirements  of  air  carrier  avionics 
standards  and  the  less  stringent  environmental  and  packaging  requirements 
of  general  aviation. 

The  adaptation  of  the  "Z"  set  for  civil  applications  of  GPS  has  resulted 
in  a navigation  system  that  will  provide  accurate  position  information  to 
aircraft  in  flight  as  well  as  the  capability  equivalent  to  an  area  naviga- 
tion (RNAV)  system. 

The  civil  GPS  system  requires  a receiver,  control  and  display  unit, 
antenna,  and  a preamplifier.  High-performance  aircraft  would  probably 
have  one  set  of  each  installed  in  conventional  locations  within  the  air 
freime  if  redundancy  is  not  required.  Low-performance  aircraft  would  prob- 
ably use  a combined  antenna-preamplifier  package,  with  the  receiver 
remotely  mounted  and  the  control  in  the  console  of  the  aircraft.  The 
expected  costs  of  the  avionics  required  by  each  of  the  three  civil  aviation 
communities  — the  air  carriers,  high-performance  general  aviation,  and 
low-performance  general  aviation  — are  shown  in  Table  S-1.  The  costs  are 
in  1977  dollars,  without  inflation,  and  based  on  annual  production  quanti- 
ties of  1000  units. 


V 


Table  S-1 . 

ACQUISITION  COST  OF  GPS 

AVIONICS 

Cost  (in  Dollars)  by  User  Category 

Equipment 

Air 

Carrier 

High-Performance 
General  Aviation 

Low-Performance 
General  Aviation 

Receiver 

9,812 

12,756 

2,746 

Control  and  Display 

1,300 

1,690 

724 

Preamplifier 

727 

945  \ 

150 

Antenna 

2 30 

299  ; 

Total  Cost 

1 

12,069 

15,690 

3,620 
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CHAPTER  ONE 


INTRODUCTION 


1.1  BACKGROUND 

The  Global  Positioning  System  (GPS)  is  being  developed  for  the  mili- 
tary to  provide,  from  a satellite-based  positioning  information  system, 
accurate  worldwide  navigation  capability  that  should  meet  or  exceed  the 
standards  for  navigating  in  the  National  Air  Space  (NAS) . 

As  part  of  the  ongoing  program  of  the  Federal  Aviation  Administration 
(FAA)  to  review  new  candidates  for  navigation,  the  Office  of  Systems  Engi- 
neering Management  (OSEM)  is  examining  the  GPS  concept  and  has  tas)ced  ARINC 
Research  Corporation,  under  contract  DOT-FA76WA-3788,  to  develop  probcdale 
costs  of  civil  GPS  avionics. 

This  study  addressed  only  issues  relating  to  the  economic  feasibility 
of  a civil  GPS  concept  by  developing  expected  costs  of  avionics  required 
for  its  operation. 


1.2  PROJECT  OVERVIEW 

The  objective  of  the  analysis  is  to  develop  an  independent  assessment 
of  the  cost  of  avionics  required  to  implement  the  GPS  concept  in  the  civil 
community  on  the  basis  of  designs  being  developed  for  the  military.  To 
meet  this  objective,  it  has  been  necessary  to  analyze  the  various  types  of 
GPS  avionics  equipments  being  developed,  identify  the  military-peculiar 
tactical  requirements  (e.g.,  antijam  protection),  and  eliminate,  where  pos- 
sible, military-peculiar  capabilities  that  would  not  be  required  in  civil 
applications.  Further,  the  accuracies  available  from  the  GPS  concept  in 
many  cases  far  exceed  those  necessary  in  today's  civil  air  traffic  control 
(ATC)  and  probably  will  not  be  required  in  near  future  ATC  improvements. 
Therefore,  a reduction  in  performance  specifications  of  GPS  avionics  is 
possible,  which  should  decrease  the  cost  of  civil  equipments. 

ARINC  Research  Corporation  is  developing  the  cost  of  civil  GPS  avionics 
using  both  the  traditional  method  of  cost  estimating  and  by  application  of  a 
commercially  available  pricing  model.  This  report  presents  the  cost  esti- 
mating method,  the  constraints  applied  to  ensure  uniformity  in  the  devel- 
opment of  avionics  costs,  and  the  results  of  the  application  of  the  pricing 
model. 
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> 1.3  ORGANIZATION  OF  THE  REPORT 

I The  four  chapters  of  this  report  address  the  techniques  used  in  esti- 

mating the  costs  of  system  designs  of  the  concept  evaluated  and  give  the 
I results  of  applying  the  pricing  model. 

Chapter  Two  identifies  the  pricing  model  used  in  the  study  and  discus- 
ses the  parametric  data  required  to  execute  the  model. 

Chapter  Three  is  devoted  to  the  evaluation  of  the  systems  and  the  costs 
of  the  avionics  required  for  implementing  each  system. 

Chapter  Four  presents  the  results  of  the  evaluation  and  the  expected 
I cost  of  avionics  required  for  system  operation  for  each  of  the  user 

! communities. 

I Appendix  A lists  the  input  parauneters  used  by  the  pricing  model. 
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The  equipmt'nt  L'osts  dt'vo loiH'd  in  this  study  will  provide  a basis  for 
oomparinvj  various  concepts  intended  to  improve  naviqation  accuracy  in  the 
next  generation  of  ATC  systems.  Careful  development  of  these  data  is  an 
essential  step  in  the  overall  analysis  of  the  alternatives.  This  chapter 
addresses  the  mt'thod  used  in  the  study  and  describes  the  model  chosen  for 
cost  estimatinq  and  evaluation. 


.2.1  COST  estimating;  method 

The  model  chose!)  ftir  equipment  pricinq,  the  RCA  Troqrammed  Review  of 
Information  for  Costinq  and  Evaluation  (TRICE),  requires  a set  of  parametric 
data  inputs  that  properly  define  the  nxidulo,  or  system,  to  be  priced.  The 
DKxlel  was  chosen  because  of  its  wide  acceptance  by  branches  of  the  Federal 
Glovernment  as  a computer-based  pricinq  model.  Of  the  many  input  paramt'ters 
required,  the  most  critical  cost-drivinq  ones  are  the  weiqht,  voliune,  stiDC- 
tural-e lectrc>nic  Giivision,  manufactur inq  complexities,  and  markups  for  c>ver- 
head,  CkA,  tU)d  profit.  Since  manufactur  inq  complexities  vary  .imonq  manu- 
facturers in  different  fields  (e.q.,  avionics  fiir  ARlNi'  class  or  qeneral 
aviation  class  equipments),  a detailed  characterization  of  each  manufacturer 
expected  to  produce  avionic  equipment  is  necessary. 

ARINO  Research  has  studied  the  manufacturinq  ctimplexities  of  several 
key  manufacturers  of  avionics  by  thorouqhly  reviewinq  exist inq  avionics, 
m.ikinq  visits  anil  collectinq  data  at  various  avionics  plants,  and  frequently 
exercisinq  the  PRICE  model  to  establish  the  sensitivities  of  the  par.unetric 
data.  To  ensure  accuracy  in  existing  cliaracter izat ions  of  equipment,  all 
modules  of  a specific  item  of  avionics  were  measured  and  weighed.  The  V'loc- 
ess  was  repeated  on  enouqh  types  of  avionics  to  ensure  a statistically 
sufficient  sample. 

The  results  were  compiled  and  stored  in  ARlNc’  Researcl)  data  files  and 
used  in  estimating  the  cost  of  the  avionics  considered  in  this  study. 
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2.2  THE  PRICE  MODEL 
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PRICE  is  d computerized  parametric  cost -mode  liiuj  technivjui'  developed 
by  RCA.  It  estimates  development  and  product ioti  costs  on  the  basis  of 
physical  and  economic  descriptors  of  the  systems  evaluated.  It  compares 
new  requitoments  to  analogous  histories  with  empiiical  data  bases.  PRICE 
efficiently  stores,  retrieves,  and  uses  historical  information.  Effective 
use  of  empirical  data  allows  classify inq  new  ideas  by  relatiiuj  them  to  past 
similar  occurrences.  The  method  provides  the  means  of  reducinq  empirical 
data  to  a few  principal  variables  that  can  be  adjusted  for  the  economic  and 
technoloqica 1 differences  of  the  specific  system. 

2.2.1  Model  Input  Data 


The  mc>del  requires  up  to  40  parametric  data  inputs  describinq  the  phys- 
ical and  economic  characteristics  of  the  system  or  subasseml>ly  to  be  evalu- 
ated. When  operated  in  the  subassembly  mcxie , the  moviel  requires  similar  in- 
puts for  all  subassemblies  and  provides  the  means  for  final  test  and  inte- 
qration  of  the  system.  In  qeneral,  the  latter  mode  was  employed  for  all  the 
cost  estimates  in  this  study. 

The  physical  descriptors  included  such  kt?y  features  as  weiqht  of  struc- 
ture and  electronics,  packaqinq  densities,  volumes,  quantities  to  be  pro- 
duced, manufacturi nq  complexities,  and  desiqn  requirements.  Since  the  model 
is  structured  to  pirovide  a cost-per-pound  based  on  densities  and  complexi- 
ties, an  accurate  determination  of  the  probable  weiqht  and  volume  of  the 
subassembly  being  evaluated  is  essential. 

The  economic  descriptors  include  such  features  as  year  of  production, 
escalation  rates,  enqineerinq  schedules,  production  schedules,  and  manage- 
ment required  during  development  and  production.  Schedules  must  be  carefully 
selected  because  the  final  costs  developed  by  the  model  are  affected  by  the 
complexity  of  a product  and  the  time  allowed  for  its  development  and  pro- 
duction. Other  costs,  such  as  those  for  management,  tooling,  or  test  equip- 
ment, have  been  normalized  to  the  RCA  data  bank  and  are  altered  through 
sensitivity  analyses  and  adaptation  to  specific  manufacturers. 

The  key  input  parameters  are  listed  in  Table  2-1  in  the  format  used 
throughout  the  study.  Abbreviations  and  acronyms  used  are  defined  to  pro- 
vide an  insight  into  the  parametric  data  employed  by  the  model.  Appendix 
A provides  a complete  list  of  input  parameters  used  by  the  model. 

2.2.2  Mode 1 Output  Data 

The  RCA  PRICE  model  performs  a series  of  evaluations  based  on  the  in- 
put parametric  data  and  provides  costs  as  a function  of  the  elements  asso- 
ciated with  engineering  and  manufacturing  for  both  developnK'nt  and  production 
of  a system  or  subassembly.  Engineering  costs  include  the  cost  of  drafting, 
design,  system  management,  project  management,  and  data  documentation  re- 
quired during  system  development  and  production.  The  costs  are  presented 
for  the  entire  production  quantity  for  the  development  ai'.d  production  period 
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Tabie  2-1.  1U-;Y  PRICE  PHYSICAL  AND  ECX1N0MIC  DESCRIPTORS 


Descriptor- 
Acronym  or 
Abbrcviat ion 


Description 


Total  quantity  to  bo  produced 

Weight  of  assembly  (subassembly)  in  pounds 

Volume  of  assembly  (subassembly)  in  cubic  feet 

Weight  of  structure  (nonelectronic)  of  assembly  in  fxjunds 

Manufacturing  complexity  for  structure 

Percent  of  new  design  required  for  structure 

Manufacturing  complexity  for  electronics 

Percent  of  new  design  required  for  electronics 

Number  of  electronic  comionents 

Engineering  complexity  of  assembly  (subassembly) 

Production  period  in  roonUis 
Production  learning  curve 

Engineering  change  orders  for  electronics,  in  percent 
Engineering  change  orders  for  structure,  in  percent 
Year  of  technology  (usual  start  of  design/production) 

Escalation  rate  in  percent 

Degree  of  project  management  support  during  engineering 
Degree  of  data  requirements 

Degree  of  special  tools  and  test  equipment  required  for  development 

Factor  for  reliability  testing,  specification  severity 

Degree  of  system  engineering  required 

Degree  of  project  management  support  during  production 

Degree  of  data  required  during  production 

Degree  of  special  tools  and  test  equipment  required  for  production 
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on  th«  basts  of  the  data  input  paiamoter  sot  and  inolvido  tho  ofloot  of  in- 
flation (esoalat  ton.)  . Manuf actnr lju)  is  oonoernod  primarily  witlj  tlu>  pi\)- 
dnotion  of  a systom,  b\>t  it  also  inoludos  oosta  for  prototypo  dov»>lopnu’nt 
and  spooial  tools  oi  test  eiinipinent  that  miijIU  be  tt'qulrtsl  durxini  devt^lop- 
ment  . As  in  tl»e  ease  of  ouuit'eorinii , the  output  coats  are  toi  ttu'  entire 
prodvK'tion  vpiantity  wit)\  appropriate  eacalation. 

Diirinq  prtH|i.im  execution,  tlie  nHsiel  freijuiMitly  i-ompates  scliodules, 
densities,  and  otlier  )iey  input  paiamotors  witl>  liistorical  data  in  the  KCA 
data  banks.  Al>norraal  inpvits,  such  as  too  sl»ort  development  periods,  aie 
flaqqed  and  brovu))>t  to  the  attention  of  the  operator. 

The  output  data  slieot  contaius  all  the  iufoimatiisi  used  as  tlu*  paia- 
metric  input  to  the  m<'del;  it  also  provides  key  paranuHers  used  in  tl\e  com- 
puter evaluation  for  comparison  witl»  emt'irical  data  sets  and  matliemat  ical 
patt*n'ns  from  tl\e  R(’A  library  to  monitor  the  reasonal>leness  of  tlie  results. 
Pinally,  the  output  data  .sheet  provides  the  expected  cost  estimated  by  t)»o 
prtsiram,  bounded  by  approximately  two-siqma  leve l-of-coi\f idence  costs.  Tlu> 
confidence  intervals,  altl\ouu)i  available  from  the  model  results,  are  omitted 
from  ttiis  study  to  keei'  it  similar  to  otliei  economic  analysis  repoi  t s used 
in  the  evaUiatioti  of  future  ATC’  ,«lternatives.  A copy  of  a typical  model 
output  ilata  sheet  is  provided  in  Appendix  A. 
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C.UWAl.  I’OSITIONINi;  SYSTKM  (HI’S) 
CIVIL  AVIONICS 


The  military-doveloptHl  C.lobal  I’osi t ioiiimj  System  may  be  the  basis  for 
worldwide  future  air  uaviuvition.  IVsi^u  ijoals  for  tlie  most  sophisticated 
versions  of  C.PS  require  three-dimensional  accuracies  nun-isured  in  meters. 
However,  the  civil  aviation  i-ommunity  has  no  foreseeable  requirements  for 
tliis  deqree  of  accuracy  foi'  en  ri'vut.e  and  tejminal  use.  In  addition,  the 
altitude  information  used  in  civil  air  traffic  control  is  derived  from 
pressure  altimeters  wl\ich,  altluniqli  lens  accurate  at.  hiqher  altitudes,  in- 
dicate uniform  relative  altitudes  for  all  aircraft  in  the  same  pressure  re- 
qion.  Conversion  to  a diffei-ent  altitude  reportinq  system  would  require 
all  users  of  the  airspace  to  convert  simultaneously.  This  study  recoqnizes 
that  civil  air  traffic  control  does  not  require  the  three-dimensional  accu- 
racy possible  with  the  proposed  GPS;  civil  aircraft  typically  do  i\ot  ensiaqe 
in  hiqh  speed  maneuvers  standard  for  the  military.  As  a resvilt,  it  Itas  been 
possible  to  select  a GPS  desiqn  more  appropriate  for  civil  aviation. 

The  desiqn  which  best  meets  the  needs  of  the  civil  community,  providinq 
ixtsit ionlnq  accuracies  comparable  to  today's  qround-based  systems  (e.q., 
VOR/DME)  but  on  a worldwide  basis  and  incorvx^rat inq  RNAV  capability,  is  the 
medium-dynamic  system  referred  to  as  the  "Z"  set.  This  sot,  desiqned  for 
non-tact ical  carqo  aircraft  and  tactical  bombers  and  tankers,  has  been  chosen 
for  cost  ct>mparison  for  civil  applications.  The  siqnal  foimat,  sivjiual  ac- 
quisition, and  frequency  conversion  techniqvies,  as  well  as  data  processinq 
and  display,  have  been  retained  without  modification  to  assute  the  same  per- 
formance as  will  be  provided  by  the  oriqinal  equipmei\t.  Packaqii\q  techni«.iues 
and  environmental  considerations  have  been  altered  to  reflect  the  particular 
requirements  of  the  comnu'rclal  air  carriers  and  qeneral  aviation.  This 
chapter  describes  the  packaqinq  desiqn  modifications  and  develov's  the  cost 
of  GPS  avionics  by  application  of  the  pricinq  tm^del. 


J.l  AVIONICS  aiST  PEVELOPMENT,  HIGIl-PERKORMANCE  AIRCRAFT 

The  avi<.inics  required  by  hiqh-per formance  aircraft  usinq  vlPS  as  the 
navlqation  system  consist  of  an  antenna,  vueampl i f ier , receiver,  and  cotUrol 
and  indicator  panel  (as  shown  in  Fiqure  3-1 ).  The  antenna  is  assumed  to  be 
similar  to  that  developed  for  military  application  with  unit  exists  estimated 
for  larqe  production  quantities.  Tlu'  unit-cost  estimate  fot  the  antenna 
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Figure  3-1.  GPS  AVIONICS  FOK  HIGII-FFKI’OKMANCK  AIKCKAFT 


was  based  on  data  contained  in  the  critical  design  review*  documentation 
presented  to  SAMSO  and  extrafKilated  to  production  quantities  by  application 
of  a 0.88  learning  curve.  The  costs  of  the  remaining  avionics  of  the  GPS 
system  were  estimated  by  the  pricing  model  with  parametric  data  inputs  to 
the  model  obtained  from  details  in  the  critical  design  review  report  and 
information  provided  by  the  engineering  departments  of  SAMSO  and  Magnavox. 


3.1.1  GPS  Receiver 


The  adaptation  of  the  "Z"  set  to  air  carrier  use  requires  a standard 
1/2  ATR  short  ARINC  specification  enclosure  to  house  the  eleven  printed 
circuit  boards  and  the  RF  assembly.  Inputs  to  the  receiver  and  outputs  to 
the  control  and  display  device  would  be  through  a rear-mounted  DPX  connector. 
The  boards  constitute  the  receiver  signal  conditioning,  the  data  processor, 
and  the  power  supply  with  appropriate  regulators.  For  evaluation  purixises, 
none  of  the  boards  was  redesigned  or  changed  in  physical  apf^earance.  How- 
ever, the  board-mounting  technique  and  board- interconnect  configuration  were 
modified  to  reflect  the  standard  practice  of  the  airline  industry.  Compo- 
nent parts  used  in  air  carrier  avionics  meet  the  temperature  requirements  of 
military  standards, although  unpressurized  operation  at  high  altitudes  is  not 
mandatory.  The  resultant  repackaged  GPS  receiver  is  less  shock-proof  than 
the  original  "Z"  set  counterpart,  but  still  will  meet  all  the  applicable 
environmental  requirements  of  RTCA  Documi'nt  DO- 160. 


*NAVFTAR  Global 
Dt'siijn  Review, 


Positioning  System  Phase  I User  Fqui {ment , Set  Z, 
13  December  1977;  Magnavox  APD,  General  Dynamics. 
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Table  3-1  presents  the  physical  and  economic  descriptors  of  the  GPS 
receiver.  Critical  parameters,  such  as  the  electronic  and  structural  com- 
plexity data,  wore  derived  by  first  reconstructing  the  military  version  of 
the  "Z"  set  in  PRICE  terminology  and  exercising  the  model  to  obtain  the  cost 
data  presented  in  the  critical  design  review  document.  The  key  parameters 
of  the  "Z"  set  were  then  compared  with  empirical  RCA  data  files  to  identify 
the  degree  of  higher  or  lower  complexity  than  tliose  in  the  files.  RCA  data 
and  ARINC  Research  data  on  air  carrier  avionics  manufacturing  comj^lexities 
were  also  compared  to  idetitify  the  variation  with  omi>irical  data.  As  a 
final  step,  ARINC  Research  data  were  accordingly  modified  where  more  complex 
manufacturing  practices  were  identified  through  the  comparison  of  the  "Z" 
set  and  empirical  data.  Economic  descriptors  used  in  the  analysis  are  those 
which  have  been  developed  in  past  applications  of  the  PRICE  model  to  air 
carrier  type  avionics  manufacturing. 

Production  quantities  per  manufacturer  were  set  at  3000  units  over  a 
three-year  period  to  maintain  a consistent  base  for  comparison  with  other 
cost  estimates  developed  for  the  FAA  in  tlie  evaluation  of  alternatives. 

Tliese  quantities  were  considered  sufficient  to  com{ilote  the  production 
learning  curve  and  amortize  development  and  start-up  costs.  The  results  of 
the  analysis  are  presented  in  1977  dollars  with  zero  inflation  over  the 
period  of  development  and  manufacturing. 

Table  3-2  summarizes  the  PRICE  outputs  by  subassembly  costs  for  devel- 
opment and  jiroduction  and  gives  cumulative  costs.  The  oscillator  module  is 
considered  a purchase  iti'm  atul  not  subject  to  manufacturer's  development 
costs.  The  last  equiixm'nt  entry.  Test  and  Integration,  is  a mandatory  input 
wlien  a system  cost  is  developi'd  by  subassemblies.  Test  and  Integration 
accounts  for  the  final  assembly  of  a unit,  machining  of  interface  components, 
providing  of  ^xiwer  connections,  aliipiment  and  tuning  of  electrical  subsys- 
tems, and  the  performance  of  the  final  functional  test  of  the  system. 
(Software  develojiment  and  processor  programming,  necessary  for  tlie  |iPS  re- 
ceivers, are  not  included  in  tlu’  costs  devi'loped  in  this  study.)  'ijic  factory 
[irice  is  tlie  cost  of  manufacturing  witti  appropriate  GnA  and  profit  included; 
it  is  till'  expected  selling  price  to  air  carriers  and  distributors.  The 
selling  (list)  price  is  the  normal  cost  to  owners  of  private  aircraft  buying 
limited  quantities  of  the  product. 

1.1.2  GPS  Control  and  Distil  ay 

The  control  and  display  unit  recommended  for  air  carrier  application 
is  functionally  identical  and  physically  similar  to  the  unit  developed  for 
military  applications.  Packaging  requirements  have  been  modified  to  reflect 
the  normal  practice  of  air  carrier  avionics  manufactur ing . The  unit  con- 
sists of  eight  7-segment  I.EDs,  two  5 ^ 7 dot  matrix  I.EDs,  10  wayixiint  number 
readouts  (including  0 for  present  jxisition),  keyboard  For  data  entry,  rotary 
data  selector  switcli,  and  miscellaneous  secondary  control  and  indicaj:or 
functions.  Four  pirinted  circuit  boards  included  in  the  housing  provide  the 
necessary  drivers,  displays,  control,  jx^wer  regulation,  and  interface  with 
the  receiver.  The  unit  is  designe<l  for  mounting  in  a prominent  location  on 
the  forward  pedestal  of  a flight  deck. 
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Table  3-1.  PARAMETER  VALUES  FOR  GPS  RECEIVER,  HIGH-PERFORMANCE  AIRCRAFT 


PLATA 


Tabic  3-2.  GPS  RECEIVER,  HIGH  I 
(1977  DOLLARS) 

PERFORMANCE  AIRCRAFT 

Cost  Factors 

Equipment 

Development 

Production 

Total 

(Dollars/Unit) 

(Dollars/Unit) 

(Dollars) 

Processor  Card 

60.87 

834.62 

895 

EPROM  Card 

70.57 

1,015.69 

1,086 

Receiver  I/O 

41.78 

406.78 

449 

Memory  Control 

51.95 

545.77 

598 

Receiver  Baseband 

73.06 

1,119.55 

1,193 

Receiver  Control 

39.97 

384.69 

425 

C/A  Coder 

51.48 

538.06 

590 

CDU  Interface 

35.09 

271.25 

306 

RP/IF  Module 

81.69 

1,149.73 

1,231 

Synthesizer 

63.89 

591.32 

655 

RP  Assembly 

67.09 

632.37 

699 

Power  Supply 

17.35 

223.75 

241 

Oscillator 

- 

225.00 

225 

Enclosure  and  Chassis 

17.36 

875.54 

893 

Test  and  Integration 

9.64 

316.63 

326 

Factor  Price 

9,812 

Distributor  Markup 

2,944 

List  Price 

12,756 

Table  3-3  presents  the  physical  and  econoir.ic  descriptors  required  by 
the  PRICE  model  for  evaluation  of  the  control  and  display  unit.  The  same 
procedure  as  used  for  the  GPS  receiver  has  been  followed  in  developing 
critical  parametric  data  for  the  unit.  Enclosure  and  chassis  data  were 
developed  from  information  for  similar  control  units  documented  in  ARINC 
Research  data  banks. 

Table  3-4  gives  the  results  of  the  PRICE  evaluation.  Production 
quantities  are  consistent  with  the  assumption  that  only  one  unit  will  be 
required  with  each  receiver.  The  factory  price  and  list  price  data  show 
the  expected  cost  to  multiple  and  single  unit  buyers. 
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Table  3-4.  GPS  CONTROL  AND  DiSPIJiV,  HIGH  PERFORMANCE 
AIRCRAFT  (1977  DOLLARS) 

Cost  Factors 

Equipment 

Development 

Production 

Total 

(Dollars/Unit) 

(Dollars/Unit) 

(Dol lars) 

Regulator 

2.70 

95.43 

98 

Display  Board 

23.35 

190.73 

214 

Driver  Board 

19.24 

181.62 

201 

Control  Board 

35.69 

282.41 

318 

Enclosure  and  Chassis 

9.64 

392.62 

402 

Test  and  Integration 

1.75 

64.86 

67 

Factory  Sell  Price 

1,300 

Distributor  Markup 

390 

liist  Price 

1,690 

3.1.3  GPS  Preamplifier 


The  preamplifier  required  for  GPS  operation  is  a remotely  mounted 
(at  antenna),  RFI-sealed,  low-noise-figure  device  with  band-pass  cavity 
filters  and  an  active  gain  stage.  The  unit  receives  power  for  the  active 
elements  through  the  rf  cables  from  the  GPS  receiver.  The  PRICE  parametric 
data  descriptors  class  the  unit  as  predominantly  a structural  device,  and 
it  has  been  evaluated  as  a single  assembly.  Economic  parameters  used  are 
the  same  as  those  applied  to  the  receiver  and  control  assemblies.  The 
results  of  the  PRICE  analysis  of  the  preamplifier  for  production  quantities 
of  3000  units  are  given  in  the  summary  table  of  the  GPS  avionics  system 
cost . 


3.1.4  Cost  Summary 


The  cost  of  avionics  required  by  high-performance  aircraft  for 
implementation  of  the  GPS  navigation  system  is  given  in  Table  3-5.  The 
cost  factors  shown  arc  the  total  development  dollars  for  each  piece  of 
avionics  and  the  per  unit  production  costs  of  t)ie  equiiwent  as  computed  by 
the  PRICE  model.  The  "Total"  columii  gives  the  production  cost  and  develop- 
ment cost  cimortized  over  3000  units  of  production.  The  factory  price  is 
the  expected  cost  of  a single  (non- redundant ) system  purchased  by  an  air 
carrier  or  distributors.  The  list  price  includes  a mark-up  for  distrib»>tion 
and  is  the  expected  cost  to  single  aircraft  owners  requiring  high-performance 
avionics. 
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Table  3-5.  GPS  AVIONICS,  HIGH  PERFORMANCE  AIRCRAFT, 

SINGLE  SYSTEM 

Cost  Factors 

Equilxnent 

Development* 

(Dollars) 

Production 

(Dollars/Unit) 

Total 

(lX>llars/Unit) 

Receiver 

1,998,000 

9,131 

9,812 

Control  and  Display 

277,139 

1,208 

1 , 300 

Preamplifier 

170,597 

671 

727 

Antenna 

75,000 

205 

2 30 

Factory  Sell  Price 

1 2 , 069 

Distributor  Markup 

3,621 

List  Price 

15,690 

•Development  costs  assumed  amortized  over  3000-unit  production 
quantity. 

3.2  AVIONICS  TOST  DEVETOPMENT,  LOW-PERI-'ORMANCE  AIRCRAFT 

The  avionics  required  by  low-i)orformance  aircraft  usinq  GPS  as  the 
naviqation  system  consist  of  an  antenna  with  Duilt-in  preamplifier,  a 
remotely  mounted  receiver,  and  a console  mounted  control  and  display  panel 
as  shown  in  Figure  3-2.  The  performance  of  the  GPS  system  installed  in 
this  class  of  aircraft  is  expected  to  be  similar  to  that  considered  for 
high-performance  aircraft.  In  order  to  maintain  the  same  ^Performance 
standards,  the  schematic  designs  used  for  high-performance  avionics  were 
retained  for  this  class  of  avionics,  although  considerable  redesign  in 
packaging  of  subassemblies  and  assemblies  was  necessary  to  reflect  the 
packaging  practices  of  the  general  aviation  manufacturers.  This  section 
presents  the  cost  development  of  the  receiver  and  display  units  as  esti- 
mated by  the  PRICE  model.  The  cost  of  the  antenna  with  built-in  preampli- 
fier was  adapted  from  data  on  a recently  developed  combined  antenna-RF  unit 
for  general  aviation  aircraft.  The  cost  of  the  L-band  antenna  preamplifier 
is  expected  to  be  similar  to  what  is  presented  in  this  reptprt. 

3.2.1  GPS  Receiver 

The  GPS  receiver  expected  to  be  used  by  single  and  light  twin  engine 
aircraft  contains  all  the  electronics  required  for  signal  acquisition,  fre- 
quency conversion,  data  processing,  }K)wer  supplies,  and  information  genera- 
tion to  drive  the  display  unit.  The  electronics  will  be  mounted  on  plug-in 
printed  circuit  cards  and  arranged  to  perform  the  receiver  IF  functions, 
processing,  frequency  synthesizing,  and  ix)wer  supply  regulation.  Six  V'lug-in 
cards  in  addition  to  the  enclosed  RF  module  are  envisioned  to  perfom  all 
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ANTENNA/PREAMPLIFIER 


Figure  3-2.  GTS  AVIONICS  KOK  l,OW-PKKl'OKMANCK  AlKCKAl’T 

the  functions  detailed  for  the  hiqh-per fom\ance  receiver.  Becavise  of  lowt-r 
shock  and  vibration  requirements  for  qeneral  aviation  avionics  the  cards  can 
bo  larger  and  can  accommodate  more  functions  per  caivi  tlian  their  high- 
performance  equivalents,  A lower  cost  oscillator  will  be  used,  which  meets 
the  stability  requirements  of  GPS  oscillators,  but  not  the  environment al 
requirements  of  high-i>erformance  units.  Tl\e  packvtging  of  the  receiver  is 
ui\restricted,  typical  of  the  enclosures  and  the  practice  of  geneial  aviat  ivni 
man ufacturers. 

Table  .1-6  gives  the  physical  and  economic  desci  iptors  of  the  C.l'S 
receiver.  Critical  parameters,  such  as  electivnic  and  struct uial  complexity 
data,  were  devt'lopcd  in  comparison  with  RCA  empirical  data  and  with  AKINC 
Research  data  files  for  typical  general  aviation  avionics,  and  appropriatt- 
corrective  uvx^rading  was  apv>lied  to  reflect  the  degree  of  iximplexity  as.si'- 
ciatf'd  with  GPS.  The  eci'iiiimic  descriptors  usevl  in  the  .in.ilysis  .ui'  those 
that  have  Ix-en  developed  in  past  .ippl  icatii'ns  of  tlu'  PRU'E  mvxlel  foi  this 
class  of  .ivionics  manufacturing. 

The  results  of  the  PRICE  analysts  of  the  low-perform.ince  GPS  receiver 
are  showri  in  Table  ,1-7.  The  vlevelojHtient  costs  are  shown  for  e.ich  ituvlule 
and  have  been  amortized  over  a production  quantity  of  .1000  units.  The 
oscillator  is  considert'd  to  1h'  .in  outside-purchased  item,  not  requiring 
develoi-xtient . Test  and  integration  costs  reflect  the  expi'use  of  fin.il  ,is- 
sembly  and  factory  testing  of  the  completed  GPS  receiver.  Tlie  factory  sell 
price  is  the  cost  to  distributors  handling  the  proviuct  . A typiv'al  distribu- 
tor m.irkup  of  100  p>ercent  has  been  apv'lied  to  the  sell  price  to  estimate  the 
list  price,  which  private  aircraft  owners  winild  pay  foi-  a GPS  leceiver. 
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Table  3-7.  GPS 

RECEIVER,  LOW- PERFORMANCE  AIRCRAFT 

(1977  DCLLARS) 



Cost  Factors 

Equipment 

Development 

Production 

Total 

(Dollars/Unit ) 

(Dol lars/Unit ) 

(Diillars) 

Receiver 

21.98 

109.37 

131 

Processor  #1 

55.07 

232.45 

287 

Processor  #2 

23.  38 

137.38 

161 

Processor  #3 

23.  38 

137. 38 

161 

Synthesizer 

13.  30 

144.59 

158 

Rf'  Module 

11.21 

78.81 

90 

Oscillator 

- 

118.57 

119 

Power  Supply 

3.61 

54.21 

58 

Enclosure  and  Chassis 

1.12 

110.29 

111 

Test  and  Integration 

2.49 

94.  59 

97 

Factory  Sell  Price 

1,373 

Distributor  Markup 

1 ,373 

List  Price 

2 , 746 

3.2.2  C.PS  Control  and  Display 

Tlitj  control  and  display  unit  recommended  for  the  low-per fonnance 
ijeneral  aviation  aircraft  is  functionally  identical  to  that  described  in 
Section  3.1.2,  but  the  [.packaging  and  quality  of  comjxDnents  is  consistent 
with  the  practice  of  the  general  aviation  manutacturers . The  unit  would 
bi'  designed  to  be  installed  in  the  flight  console  of  aircraft  for  easy 
access  and  readability.  Electronics  required  for  lamp  drivers,  displays, 
input  data  processing,  ^xswer  regulation,  and  interface  with  the  receiver 
would  be  housed  in  the  unit. 

Table  3-8  presents  the  physical  and  economic  descriptors  rtxpiired  by 
the  TRICE  mcKlel  for  evaluation  of  the  control  and  display  unit.  The  same 
procedure  as  used  for  the  receiver  has  been  followed  in  developing  critical 
parametric  data  for  the  unit.  Enclosure  and  chassis  data  were  developed 
from  infoi-mation  related  to  similar  units  documented  in  ARINC  Research  data 
banks . 

The  results  of  the  evaluation  appear  in  Table  3-9.  Production  quan- 
tities are  based  on  the  assumption  that  only  one  unit  will  be  required  with 
each  receiver.  The  list  price  shown  includes  the  normal  markup  for  distri- 
bution and  is  the  expected  cost  to  single  aircraft  owi\ers. 
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Table  3-8.  PARAMETER  VALUES  FOR  CONTROL  AND  DISPLAY 
LC^-PERFCRMANCE  AIRC'RAFT 


Parameter  Value 


Parameter 


MCPLXS 


NEWST 


MCPLXE 


NEWEL 


CMPNTS 


3000 


0.234 


0.003  0.003 


PRMTH 


LCURVE 


0.05 


YEAR 


ESC 


PROJCT 


DATA 


TLGTST 


PLTFM 


SYSTEM 


PPROJ 


1977 


Table  3-9.  CONTROL  AND  DISPLAY,  LOW- PERFORMANCE 

AIRCRAFT  (1977  DOLLARS) 

Cost  Factors 

Equipment 

Development 

(Dollars/Unit) 

Production 

(Dollars/Unit) 

Total 

(Dollars) 

Regulator 

1.76 

25.28 

27 

Display  Board 

16.60 

48.77 

65 

Driver  Board 

13.60 

46.53 

60 

Control  Board 

19.94 

71.29 

91 

Enclosure  and  Chassis 

4.84 

85.00 

90 

Test  and  Integration 

0.76 

28.05 

29 

Factory  Sell  Price 

362 

Distributor  Markup 

362 

List  Price 

724 

3.2.3  Cost  Summary 

The  cost  of  avionics  required  by  low-performance  aircraft  for  imple- 
mentation of  the  GPS  navigation  system  is  presented  in  Table  3-10.  Total 
development  costs,  unit  production  costs,  and  factory  sell  prices  with 
development  amortized  over  the  3000-unit  production  quantity  are  shown  for 
the  three  subsystems  making  up  the  GPS  concept.  The  list  price  of  $3,620 
per  aircraft  is  the  expected  acquisition  cost  to  single  and  light  twin 
engine  aircraft  owners  to  obtain  the  navigational  capability  defined  by 
the  military  "Z"  set. 


Table  3-10.  GPS  AVIONICS,  LOW-PERFORMANCE  AIRCRAFT, 


SINGLE  SVSTEM 


Equipment 

Cost  Factors 

Deve lopmcnt* 
(Dollars) 

Production 

(Dollars/Unit) 

Total 

(Dollars/Unit) 

Receiver 

461,362 

1,218 

1,373 

Control  and  Display 

172,505 

305 

362 

Antenna  with 

15,000 

70 

75 

Preamplifier 

Factory  Sell  Price 

1,810 

Distributor  Markup 

1,810 

List  Price 

3,620 

^Development  costs  assumed  amortized  over  3000-unit  production 
quantity. 


1 


T 

4- 


CHAPTER  FOUR 


RESULTS  OF  EVALUATION 


The  study  has  developed  costs  of  avionics  based  on  a uniform  approach 
■!  to  estimating  costs  with  the  assistance  of  a pricing  model.  The  data  used 

^ in  exercising  the  model  were  developed  through  detailed  analyses  of  systems 

of  several  leading  avionics  manufacturers  producing  either  high-performance 
aircraft  equipment  or  low-performance  aircraft  equipment  and  modified  to 
reflect  the  increasing  complexities  expected  from  introduction  of  a sophis- 
• ticated  new  concept  like  the  Global  Positioning  System.  This  chapter  sum- 

marizes the  results  of  the  evaluation  of  the  GPS  concept  for  the  two  classes 
of  civil  aviation  users,  high  performance  and  low  performance. 
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The  adaptation  of  the  military-developed  "Z"  set  as  a candidate  for 
civil  application  of  GPS  has  resulted  in  a navigation  system  that  will  pro- 
vide accurate  positioning  information  to  aircraft  in  flight  as  well  as  the 
capability  equivalent  to  an  area  navigation  (RNAV)  system.  The  RNAV  func- 
tion is  made  possible  by  the  system's  capability  to  provide  waypoint  inputs 
from  the  control  panel  and  use  microprocessors  in  the  control  and  display 
unit  to  interact  with  the  positioning  information  accumulated  by  the  re- 
ceiver. Although  this  feature  adds  to  the  cost  of  the  system,  the  benefits 
derived  could  overshadow  those  costs,  especially  when  compared  with  the  cost 
of  an  existing  RNAV  system  dependent  on  ground-generated  positioning  infor- 
mation. The  design  evaluated  in  this  study  was  intentionally  proportioned 
between  the  receiver  and  control  units  to  provide  an  insight  into  the  cost 
of  GPS  if  RNAV  capability  was  not  required.  The  receiver  would  remain 
unchanged  if  the  same  level  of  accuracy  and  performance  as  the  "Z"  set 
provides  is  desired.  The  control  and  display  unit  would  be  greatly  sim- 
plified because  only  display  drivers  and  receiver  interface  electronics 
would  be  required. 


4.2  COST  DATA  OF  CONCEPT  EVALUATED 

The  avionics  costs  developed  by  application  of  the  pricing  model  are 
summarized  in  Table  4-1.  The  values  indicate  the  probable  selling  price 
per  item  of  avionics  to  the  air  carriers  and  to  high-performance  and 
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Table  4~1. 

ACQUISITION  COST  OF  GPS  AVIONICS 

Cost  (in  Dollars)  by  User  Category 

Equipment 

Air 

High-Performance 

Low-Performance 

Carrier 

General  Aviation 

General  Aviation 

Receiver 

9,812 

12,756 

2,746 

Control  and  Display 

1,300 

1,690 

724 

Preamplifier 

727 

945  \ 

150 

Antenna 

230 

299  f 

Total  Cost 

12,069 

15,690 

3,620 

low-performance  general  aviation  aircraft  owners.  Appropriate  markups 
for  distribution  have  been  included  on  the  basis  of  known  or  expected 
practices  of  the  avionics  manufacturers.  All  costs  are  based  on  the  1977 
dollar  without  inflation.  Potential  variability  in  costs  exists  as  a 
function  of  the  production  volume  dictated  by  user  demand.  However,  the 
costs  of  alternatives  can  be  compared  because  the  cost  of  GPS  avionics  was 
evaluated  with  a uniform  production  quantity  used  in  other  studies  per- 
formed by  ARINC  Research  for  the  FAA. 
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• ~ APPENDIX  A 

1. 

RCA  PRICE  MODEL  INPUT  PARAMETERS 


The  appendix  presents  a listing  of  the  input  parameters  used  by  the 
RCA  PRICE  model.  Figure  A-1  shows  a typical  input  worksheet;  Figure  A-2 
shows  an  exeunple  of  a typical  model  output  data  sheet. 
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PRICE  System 
Input  WorKshcet 


Government  and 
Commercial  Systems 


Item 


MODE 


PROTOS 


General 


iNreOS 


INTEGE 


QTYSVS 


PRODS 


NEWST 


DESRPb 


Mechanical/ 

Structural 


PHoor 


USEVOl 


OESHPE 


Electronics 


CMPEEF 


PVNHFA 


ENMTh; 


PRNF 


Engineering 


iCURvi 


ECNS 


Production 


BVCOST 


Purchased  Item 
(Mode  3) 


MoO'FiH-  PkJR' 
ViDlFif  PfiF!  I 

t ' A.r 

OFOSvN 


GFE 
(Mode  4) 


MCONST 


MEuP 


WECF 


TARObr  iModt*  lOorily) 


Additional  Data 
(Modes  9 & 10) 


PBOJCT 


YEAR 


tlgtst 


Global 


SYSTEM 


PPROJ 


ptlgts 


pltfm 


PDATA 


Notes: 


Figure  A-1.  TYPICAL  INPUT  WORKSHEET 


PFDCESiDP  EPPQM 


ir»PUT 

IiftTPt 

ELECTPQtUCS 

USE VOL 

0. 

MCPLXE 

8.SI17 

PPUIiE 

PUP 

t-.  000 

CMPMTS 

1 • 

CMP  ID 

EnsiMEEPine 

EHMTHS 

t.  0 

ENMTHP 

1£.  0 

ENMTHT 

PRUDUCTIDH 

PPMTHS 

J2.  0 

PPMTHF 

4S.  (1 

LCUPVE 

•SLQEPlL 

YEPIP 

1977. 

ESC 

0.  OO"; 

PPQJCT 

PLflTFM 

1.700 

SYSTEM 

0.  S' 00 

PPPUJ 

0.  000 

MEI.IEL 

1 . 000 

DESPPE 

£.  000 

0.  000 

pl.lpFPii: 

0 . 0 0 0 

CMPEFF 

0.  OOO 

14.0 

ECMPI.X 

1 . 000 

PPMF 

0.  300 

0.885 

EC  ME 

0.  01  0 

ECUS 

0.010 

0 . 5 0 0 

D8TH 

0 . 5 0 0 

TLiSTST 

0 . 3 0 0 

0 . 5 0 0 

PDPTP 

0.500 

PTLGTS 

0.  30 

PPDGPPtM  COST 

DEVELOPHEMT 

PRODUCT  I OM 

TOTAL  COST 

EMiSIMEEPIMi? 

DPftFTIMe 

40475. 

433. 

40908. 

DESICM 

134050. 

1487. 

135517. 

SYSTEMS 

5481. 

0. 

5481 . 

PPU.i  MGMT 

3441 . 

74544. 

83985. 

DPtTPl 

£585. 

3090. 

5855. 

SUFTUTPL 'EMG' 

13133£. 

79534 . 

£715£5. 

MFIHUFPtCTUPIMiS 
PRODUCT  I DM 

0. 

£870753. 

£870753. 

PROTOTYPE 

18737. 

0. 

18737. 

TOOL-TEST  Ei3 

'?89 . 

'98777 . 

97745. 

SUPTOTPlL<MFi5> 

19708. 

£987530. 

£987£35. 

TOTAL  COST 

£11897. 

3047084. 

3£58781 . 

VOL  0.014 

AVCDST 

958. 9£  TOTAL 

AV  PROD  COST  1015.89 

LCUPVE  0.885 

MT  0.801 

ECME 

0.010  ECMS 

0.  010  DESPPE  0.  15'9 

DESRPS  0. 000 

MECH 'STRUCT 

MS  0.001 

MSCF 

0.089  MECID 

0.  000  PRODS  ■8,5£5 

MCPLXS  8. £00 

ELEC TROM ICS 

ME  0 .800 

l,IECF 

4 £.088  CUPID 

0.000  PRODE  4.847 

MCFLXE  8.817 

pup  8. 000 

CMPMTS 

57. 

PMPFHC  0.585 

CMPEFF  3.550 

SCHEDULES 

EUMTHS  1.000 

EMMTHP 

1£.000  EMMTHT 

14.000  ECMPLK  1.000 

PPMF  0.500 

PPMTHS  13.000 

PPMTHF 

48.  000  A'v'ER. 

PROD  RATE  PEP  MOMTH 

83. 333 

COST  RAMCES 

DEVELOPMEMT 

PPODUCTIDM 

TOTAL  COST 

FROM 

19£431. 

£898 0£7. 

£888458. 

CEfHEP 

£1 18'='7. 

3047084 . 

3£5878 1 . 

TO 

£37871. 

3459018. 

3898888. 

Figure  A- 2.  TYPICAL  MODEL  OUTPUT  DATA  SHEET 
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